I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Graves' orbitopathy (GO) is an autoimmune disorder and the most common extra-thyroid manifestation of Graves' disease with a prevalence of 2.9 cases per 100,000 population per year in men and 16.0 cases per 100,000 population per year in women, with a peak in the fifth and seventh decades.\[[@ref1][@ref2][@ref3]\] Intravenous (iv)/oral steroids form the first line and mainstay of therapy in patients with moderately severe GO.\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9]\]

It has been suggested that iv methylprednisolone is better cause of earlier onset of response, a higher response, along with lower side-effects compared to oral prednisolone.\[[@ref9][@ref10]\] Monthly iv methyl-prednisolone was found to be marginally better than oral prednisolone (88% vs. 63%; *P* \~ 0.02) in a study.\[[@ref10]\] On patient self-assessment, there was no significant difference in the response between iv versus oral steroids (*P* = 0.27).\[[@ref10]\] The dose of oral steroid used was high (starting with 100 mg/day).\[[@ref10][@ref11]\] It is a well-known that higher oral steroid doses are associated with more side-effects.\[[@ref9][@ref10][@ref11]\] Use of iv methyl-prednisolone is limited by significant risk of fulminant hepatic failure with cumulative doses \>8 g and lack of standardization of optimal regimen.\[[@ref10][@ref11][@ref12]\]

Indians in general have lower body weight than Caucasians. Hence, there may be rationale for using lowers doses of oral prednisolone for managing GO in India. However, low dose oral prednisolone has not been evaluated in the management of GO. The lower dose may be expected to minimize the side-effects and allow for better recovery of the suppressed hypothalamic-pituitary adrenal axis. Hence, the aim of this study was to evaluate the safety and efficacy of low dose oral prednisolone in GO by comparing it with the current treatment standard, pulse iv methylprednisolone, in a randomized controlled trial (RCT).

M[ATERIALS]{.smallcaps} [AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
===============================================================

Consecutive patients of Graves' disease with eye symptoms attending endocrine outpatient services of the department underwent GO severity and activity assessment. Proptosis was measured using Hertel\'s exopthalmometer. Lid aperture was measured with a ruler as the distance in the midline between the eyelids. Pinhole visual acuity was tested with a Snellen chart and expressed as a decimal. Assessment of field of vision was done using automated perimetry. Assessment of pupillary response and color vision was done. Indirect fundoscopy was done to check the status of fundus. In patients with suspicion of dysthyroid optic neuropathy (DON), visual evoked potentials were checked to rule out optic nerve involvement. Corneal staining was assessed with biomicroscope. Disease activity was assessed using clinical activity score (CAS).\[[@ref13]\]

Moderate to severe GO was defined as marked soft tissue swelling (2c by NOSPECS), and/or proptosis (≥18 mm in females; ≥20 mm in males; 3a or more by NOSPECS), and/or inconstant/constant diplopia in primary or reading position (4b by NOSPECS), and/or punctuate staining of cornea, without any optic nerve involvement, as suggested by European group on GO \[[Table 1](#T1){ref-type="table"}\].\[[@ref10][@ref12]\] Patients with mild GO, DON and severe sight-threatening GO were excluded.\[[@ref10][@ref12]\] The inclusion and exclusion criteria have been elaborated in [Table 2](#T2){ref-type="table"}. Patients, 18--80 years age, along with untreated moderate-severe GO with moderate activity (CAS \> 2) were included. Patients were excluded who had received steroids, radiotherapy, immunosuppressive therapy or surgery for GO. All patients underwent chest X-ray to rule out occult tuberculosis \[[Figure 1](#F1){ref-type="fig"}\]. Patients with comorbidities making glucocorticoid administration difficult (uncontrolled hypertension, uncontrolled diabetes, tuberculosis, immune-compromised state, chronic liver disease, viral hepatitis) were excluded \[[Figure 1](#F1){ref-type="fig"}\]. The study protocol was explained and only those who gave informed written consent were included. The trial is registered with clinical trials registry of India at [ctri.nic.in (CTRI/2013/12/004264)](ctri.nic.in(CTRI/2013/12/004264)).

###### 

NOSPECS classification adapted from EUGOGO
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###### 

Inclusion and exclusion criteria adapted from EUGOGO
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![Flowchart elaborating the study protocol. CAS: Clinical activity score, Group-A: Patients randomized to receive pulse intravenous methylprednisolone, Group-B: Patients randomized to receive oral prednisolone](IJEM-19-351-g003){#F1}

The included patients attended outpatient department (OPD) services after 12 h fast, underwent clinical and anthropometric assessment. Blood samples were collected, serum separated and stored at −80°C. Biochemical investigations included estimation of fasting blood glucose (FBG), 2 h post 75 g glucose blood glucose (2hPGBG), liver function test, lipids, electrolytes, and renal function. Computerized tomography (CT) scan of orbits was done at baseline for assessment of extra-ocular muscle (EOM) thickness. The thickest section of the rectus muscle was measured perpendicular to the muscle axis in millimeters. Hyperthyroid or hypothyroid GO patients were made clinically and biochemically euthyroid for at least 3 months before randomization.

The patients were divided into 2 groups by a computer generated randomization table; Group-A: Patients receiving monthly iv methylprednisolone (0.5 g for 3 consecutive days in a month for 4 months; Solumedrol, Pharmacia and Upjohn, Gurgaon, India) and Group-B: Patients receiving oral prednisolone (starting with 1 mg/kg/day for 6 weeks then tapered gradually and stopped; Wysolone, Wyeth, Mumbai India). All patients received cholecalciferol sachet 60,000 U (DRISE, USV, Mumbai, India) initially weekly for 8 weeks and thereafter monthly, and 1250 mg of calcium carbonate equivalent to elemental calcium 500 mg (Shelcal-500, Elder, Mumbai, India) daily, for the duration of the study. All patients received injection zolindronic acid 5 mg (Natzold, Natco, India) infusion before the first dose of glucocorticoid to prevent glucocorticoid-induced osteoporosis.\[[@ref14]\]

Treatment outcomes were assessed in terms of major response criteria (MRC) and minor response criteria (MiRC) adapted from previous studies.\[[@ref11]\] MRC include decrease in CAS by ≥3 points or improvement in diplopia. MiRC includes decrease in lid retraction by ≥2 mm, decrease in proptosis by \>2 mm, decrease in CAS by ≥2 points or improvement in grade of soft tissue swelling.\[[@ref11]\] Responders (R) were defined as improvement in ≥1 major criteria or ≥2 minor criteria. Treatment failure (TF) was defined as presence of any one of the following even if the patient fulfilled the criteria for successful therapy: Worsening of one grade or more soft tissue involvement and/or diplopia, and/or an increase of lid aperture of ≥2 mm, and/or ≥2 mm increase of proptosis.\[[@ref10][@ref11]\] Patients who did not fulfill the response to therapy criteria, but without any features suggestive of TF were classified as nonresponders (NR). The eye with the worse features was used for assessment of response. The duration of the study was from May 2010 to April 2014. Institutional Ethics Committee approved the study protocol \[[Figure 1](#F1){ref-type="fig"}\].

Follow-up {#sec2-1}
---------

The patients received iv methylprednisolone on day care basis. Oral prednisolone was administered on an OPD basis. All patients were followed-up at least once monthly, when patients on oral prednisolone were enquired about drug compliance (checking of empty packs which were collected) and a fresh set of tablets issued. Patients were contacted telephonically monthly and by messaging services weekly to ensure compliance and enquired about problems. The patients were admitted only if there was some complication or illness necessitating admission. Detailed ophthalmologic evaluation for assessment of response to therapy was done at 1, 3, 6, 9 and 12 months after initiation of therapy. Treatment outcomes (responder, NR or TF) were assessed at 6-month and 12 months of follow-up. FBG, 2hPGBG, liver function test, lipids, electrolytes, and renal function were repeated during the above-mentioned follow-up visits.

Statistical analysis {#sec2-2}
--------------------

All results were expressed as mean ± standard deviation. Independent sample *t*-test was used for calculation of *P* value. Chi-square test was used for categorical variables. *P* \< 0.05 considered statistically significant. Data were analyzed according to the intention to treat principle. SPSS version 16 (Chicago, IL, USA) was used for data analysis. About 77% with moderate, severe GO responded to iv pulse methylprednisolone in contrast to 51% of patients receiving oral prednisolone.\[[@ref10]\] Hence, it was calculated at least 53 patient need to be randomized into 2 groups, for alpha of 0.05 and power of 80%.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Sixty-five patients were randomized into Group-A and B \[[Figure 1](#F1){ref-type="fig"}\]. The baseline clinical, ocular and biochemical parameters in Groups-A and B were comparable, except for, a higher diplopia score (*P* = 0.041) and lower thyroid stimulating hormone (TSH) (*P* = 0.039) in Group-A as compared to Group-B \[[Table 3](#T3){ref-type="table"}\]. The compliance rate of prednisolone tablets was 94%.

###### 

Comparison of baseline parameters of GO patients receiving intravenous methylprednisolone (Group-A) as compared to those receiving oral prednisolone (Group-B)
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At 6-month, 25/31 (80.65%) patients in Group-A were responders in contrast to 12/31 (38.71%) patients in Group-B (*P* \< 0.001). At 1-year follow-up, 27/31 (87.10%) patients were responders in Group-A and 17/31 (54.84%) were responders in Group-B (*P* = 0.005). TF was not observed in any patient of our study cohort \[[Table 4](#T4){ref-type="table"}\]. There was a significant reduction in lid-width, proptosis and CAS at 1-year, as compared to baseline, in both the groups \[[Table 4](#T4){ref-type="table"}\]. Diplopia scores improved both in patients of Group-A and B at 1-year, as compared to baseline, but was statistical significance only in Group-A (*P* = 0.009) \[[Table 4](#T4){ref-type="table"}\]. There was a greater improvement in CAS in patients of Group-A as compared to Group-B, which was statistically significant at 6-month (*P* \< 0.001) and 1-year (*P* \< 0.001) follow-up \[[Table 4](#T4){ref-type="table"}\]. Proptosis was significantly lower in Group-A as compared to Group-B at 6-month (*P* = 0.02) but not 1-year (*P* = 0.083) of follow-up. Lid width and diplopia were comparable between the two groups at 6-month and 1-year follow-up.

###### 

Comparison of ocular parameters of Group-A and Group-B at 6 and 12 months of follow-up

![](IJEM-19-351-g005)

Responders (*n* = 44) had a significantly higher baseline bilateral intra-ocular pressure, and more severe left eye proptosis as compared to NR (*n* = 18) \[[Table 5](#T5){ref-type="table"}\]. Cox-regression analysis revealed that baseline T~4~ levels (*P* = 0.024), diplopia (*P* = 0.06) and smoking history (*P* = 0.08) were predictive of remission \[[Table 6](#T6){ref-type="table"}\]. Increased baseline T ~4~ and presence of smoking reduced the likelihood of remission; whereas presence of diplopia was associated with increased likelihood of remission \[[Table 6](#T6){ref-type="table"}\]. The occurrence of adverse events was comparable in both groups \[[Table 7](#T7){ref-type="table"}\]. No major adverse effects to steroid administration were noted. A mild transient and spontaneously reversible increase in liver enzymes were noted in 4 patients Group-A and none in Group-B.

###### 

Comparison of baseline parameters of GO patients who were responders as compared to those who were NRs at 1-year follow-up
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###### 

Cox-regression showing variables that independently predict remission of GO
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###### 

Comparison of adverse events in Group-A versus Group-B
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D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Two recent RCT have shown that pulse iv glucocorticoids have a higher rate of favorable response (88% vs. 63% and 77% vs. 51% respectively) with fewer side effects than oral glucocorticoids.\[[@ref9][@ref10]\] It has been suggested that clinical response can be seen as early as 1--2 weeks following initiation of iv glucocorticoids.\[[@ref9][@ref10][@ref11]\] In another randomized trial, iv methylprednisolone (four cycles at 500 mg for three consecutive days at 4-week intervals) was found to be effective in treating inflammatory changes and ocular movements in 83% of patients as compared to 11% in those who received placebo.\[[@ref11]\] An alternative regimen that has been tried consists of 12 weekly infusions of methylprednisolone with a cumulative dose of 4.5 g (500 mg weekly for 6 weeks, then 250 mg weekly for 6 weeks).\[[@ref10]\] The oral glucocorticoid dose used in these studies was high (prednisolone 100 mg/day) and was associated with greater side-effects, impairment of quality of life and increased recurrence following stoppage of glucocorticoids.\[[@ref15][@ref16]\] Indians in general have lower body weight than Caucasians. The median body weight of GO patients in our study was 58 kg in contrast to 70--74 kg in a study reported by Bartalena *et al*.\[[@ref17]\] Use of high dose oral prednisolone (100 mg/day) for a short period in our patients was associated with frequent intolerable side effects (unpublished data). This was the rationale for evaluating a lower dose oral prednisolone at 1 mg/kg/day. The response rate to low dose oral prednisolone in our study was 54.84% which is comparable to that reported with high dose prednisolone among Caucasians (63.4% and 51%).\[[@ref9][@ref10]\] Glucocorticoids oral and iv both were well tolerated in our study, and the side effect profile was comparable between the groups. In our study, 41.93% of 31 patients on oral prednisolone complained of any adverse effect over a period of 1-year, as compared to 85.4% (35/41) patients over 1-year, and 51% (18/35) patients over 3 months in previously published studies among Caucasians.\[[@ref9][@ref10]\] The lower dose of prednisolone used in this study may explain this more favorable side-effect profile, as compared to previous studies. In a recent study evaluating the side-effects of glucocorticoid therapy observed by European thyroidologists in managing GO, it was reported that minor nonsevere adverse effects were more common with oral prednisolone, whereas major life-threatening adverse effects were more common with iv pulse methylprednisolone.\[[@ref18]\] However, all but 1 patient with major life-threatening adverse effect with iv methylprednisolone had received a cumulative dose of the drug \>8 g, which is higher than the current recommendations.\[[@ref18]\]

In our study, pulse iv methyl-prednisolone was more effective in inducing a greater reduction of CAS and diplopia scores, along with a significantly higher response rate at 6-month and 1-year follow-up. This is in accordance with previous reports of a faster onset of action along with a greater response to iv glucocorticoids as compared to oral glucocorticoids. However, it is important to consider that response rates with oral prednisolone were significantly better at 1-year (54.84%) as compared to 6-month (38.71%). In one study, it was reported that on patient self-assessment there was no significant difference in the response between iv versus oral steroids (*P* = 0.27).\[[@ref11]\] Patient self-assessment of outcomes was not done in our study and is a limitation. Limitations of this study include small number of patients evaluated, along with the relatively short duration of follow-up.

Glucocorticoids are believed to act by inhibition of leucocyte chemotaxis and cytokine release, reduction in glycosaminoglycan synthesis by orbital fibroblasts, and down regulation of adhesion molecules.\[[@ref4]\] Glucocorticoids have been found to be most effective in patients with active ophthalmopathy, with significant inflammatory features, diplopia in primary gaze, and in whom vision is threatened.\[[@ref5][@ref19]\] This explains the higher left eye proptosis and intra-ocular pressures observed among responders in our study. Cox-regression also showed diplopia to be predictive of remission. Patients with a more clinically active GO have a better outcome with glucocorticoid therapy. Smoking had an adverse impact on remission of GO in our study, similar to previous reports.\[[@ref1][@ref2][@ref3][@ref4]\]

Our study showed that baseline EOM thickness was not predictive of response to glucocorticoid therapy. EOM thickness was comparable among responders versus NR. Repeat CT orbit was not done on follow-up and is also a limitation of this study. Also, lack of estimation of TSH receptor antibody titers was a limitation.

To the best of our knowledge, there is no study available from India, evaluating oral glucocorticoids in GO. The only study till date from India on GO showed that pulse iv dexamethasone is not inferior to pulse iv methylprednisolone in managing moderate severe GO in a cohort of 21 patients.\[[@ref20]\] This is the first study ever evaluating the role of low dose oral prednisolone in the management of GO. There is only one study available till date on the use of low dose oral prednisolone in GO. That study showed that short-term low dose oral prednisolone for 6 weeks is effective in preventing exacerbation of initially mild or absent GO, when radio-iodine is used for managing Graves' disease.\[[@ref21]\] This study reiterates that iv methylprednisolone is superior to and should be the treatment of choice in managing GO. Oral prednisolone has been recommended as a second line agent in the management of GO, either alone or in combination with other investigative agents like cyclosporine or rituximab.\[[@ref22]\] One of the limitations of this study is lack of third arm of patients who would have been treated with high dose oral prednisolone, allowing a direct comparison between low dose oral prednisolone versus high dose oral prednisolone groups. Paucity of patients prevented us from having this third arm of the study. In absence of this third arm, it can only be speculated that low dose oral prednisolone (used in this study) is as efficacious as high dose oral prednisolone (based on previous published western literature), with significantly better tolerability and side-effect profile. Low dose oral prednisolone can be considered as a safe second line alternative in Indian GO patients, not willing or intolerant to pulse iv methylprednisolone.
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